VOL.47 NO. 6 THE JOURNAL OF ANTIBIOTICS 669 hydrolysates were analyzed for diaminopimelic acid isomers and sugars according to the methods of Becker et al. n) and Lechevalier and Lechevalier8), which were modified by Staneck and Roberts9* for separation on thin layer plates. Phospholipids and mycolic acids were analyzed by the procedures of Minnikin et al. 10'11] . Menaquinones were extracted with chloroform-methanol (2 : 1) from the freeze-dried cells, purified by thin layer chromatography12), and analyzed by electron impact mass spectrometry. The fatty acids were analyzed by gas chromatography of whole-cell methanolysates1 3). Fatty acid methyl esters were determined with a Hewlett-Packard model 5890 gas chromatograph, a flame ionization detector, and a Hewlett-Packard model 3392A integrator.
Column was used a Megabore DB-1 (15m by 0.53mm, film 1 /mi, J & WScientific).
Preparation and Hybridization Analysis of DNA After incubation in YDmedium supplemented with 0.2% glycine at 30°C for 3 days on a rotary shaker, mycelia were centrifuged and washed with a buffer (25 mMTris-HCl -25 mMEDTA-25 mMNaCl, pH 7.4). Total DNAwas extracted from the washed mycelia by the method described14) and dissolved in TE (10mM Tris-HCl-1 mM EDTA, pH 7.6).
Southern hybridization was carried out as described previously15) by using 250 ng of Sph I-digested total DNAsfrom organisms tested. Following prehybridization at 70°C for 6 hours, hybridization was performed at 70°C for 45 hours in the presence of 5~10ng/ml of the following probe. To prepare the probe, total DNAfrom the strain MI481-42F4 was fragmented by sonication to about 4Kb or smaller and labelled with a-32P-dCTP by nick translation. The specific activity of the probe was 0.5 x 108 cpm//xg. After hybridization the filter was washed 3 times with 200ml of 2x SSC (0.15m NaCl-15mMsodium citrate, pH 7.0) at 80°C for 1 hour each. Autoradiography was carried out by exposing X-ray film (Fuji RX) to the filter at -80°C and the film was scanned on GC300 Scanning Densitometer (Hoefer Scientific Instruments).
Detection of Amythiamicins
Amythiamicins were assayed by the paper disc diffusion method, based on their in vitro antibacterial activity against Staphylococcus aureus Smith grown on agar of Polypepton (Nihon Seiyaku) 1 %, meat extract 1% and NaCl 0.2% (pH 7.0).
Amythiamicin A concentrations were measured by reversed phase HPLC(Capcell Pak C18, Shiseido) with a solvent of CH3CN-water(47 : 53) at the UVabsorption of 254nm.
Measurement of Antimicrobial Activity
The minimum inhibitory concentration (MIC) of amythiamicins were examined by serial agar dilution method using Mueller-Hinton agar (Difco) for antibacterial test which was incubated at 37°C for 18 hours and a nutrient agar containing 1 % glucose for antifungal test which was incubated at 27°C for 42 hours.
Results and Discussion
Taxonomic Studies
Strian MI48 1-42F4 had a branched vegetative hyphae which was a slight tendency to zig-zag-shaped, and which tended to break down into squarish subunits. The aerial hyphae produced cylindrical conidia in straight to flexuous chains/The spores were 0.6 to 0.7 by 0.7 to 1.2/zm in size with smooth surfaces. Nosporangia, motile spores or synnemata were observed.
The cultural characteristics of strain MI481-42F4 were summarized in Table 1 . The physiological characteristics and carbohydrate utilization of strain MI48 1 -42F4 showed in Table 2 . The whole-cell hydrolysate contained m^o-2,6-diaminopimelic acid, arabinose and galactose, which was typical of IV cell walls and a type A whole-cell sugar pattern. A type PII phospholipid pattern (phosphatidylethanolamine present, phosphatidylcholine and glucosamine-containing phospholipids absent) was found. Mycolic acids were absent. The predominant menaquinones were MK-9(H4) and MK-9 Based on these characteristics, strain MI48 1-42F4 was placed in the genus Amycolatopsis16fll) Among the genus Amycolatopsis, Amycolatopsis mediterranei and Amycolatopsis orientalis were similar to strain MI481-42F4. As shown in Table 3 , strain MI481-42F4 was different from A. orientalis in the fatty acids composition, the acid production from raffinose, and the utilization of raffinose. And it was also different from A. mediterranei in the fatty acids composition, the decomposition of xanthine, the acid production from meso-erythritol, and the utilization of raffinose and sucrose. Weexamined DNAhybridization between strain MI481-42F4 and A. orientalis and A. mediterranei. Strain MI481-42F4 showed low homology with A. orientalis and A mediterranei, 32.8% and 20.8%, respectively. Therefore, strain MI481-42F4 was designated Amycolatopsis sp. MI481-42F4.
Fermentation
The seed medium consisted of glycerol 2.0%, dextrin 2.0%, Bacto soytone (Difco) 1.0%, dried yeast The time course of the production of amythiamicin A is shown in Fig. 1 . After 100 hours cultivation, amythiamicin A accumulated in mycelium up to 50 /ig/ml. Amythiamicins in the culture broth were much less than 1/10 in the mycelial cake.
Isolation and Purification The fermentation broth was centrifuged to separate the supernatant and the mycelial cake. The mycelial cake was extracted with 30 liters of MeOH. The MeOH extract was concentrated to remove MeOH under reduced pressure and the residue was extracted with 1-BuOH. The 1-BuOH extract was concentrated to dryness under reduced pressure, and the residue was dissolved in a small amount of CHC13. The CHCI3 solution was put onto a column of silica gel (500ml). The column was washed with 1 liter of CHCI3 and then eluted with 2 liters of CHCl3-MeOH (10: 1). The active fractions were combined and condensed to dryness under reduced pressure to give 5 g of the residue. The residue was dissolved in MeOH. HPLCanalysis of the solution suggested that at least 4 active related compoundswere contained in the residue.
The solution was applied to a reverse phase HPLCcolumn (Capcell Pak C18 30 x 250mm, flow rate 20ml/minute) and eluted with a gradient of CH3CN-water (40 : Table 4 . Amythiamicins are soluble in MeOHand DMSO, but is insoluble in «-hexane and water. The UVspectra of amythiamicins show the absorption maxima near 204, 222, 250 (sh), 308 and 345nm (sh) in MeOH. The IR spectra of those indicated the presence of peptide bonds (1660 and 1500cm"1). The molecular formulae of amythiamicins A, B, C and D were determined to be C50H51N15O8S6, C5oH53N1509S6, C50H50N14O9S6 and C43H42N12O7S6, respectively, by HRFAB-MS. In particular, from the UV spectra >50  >50  >50  >50  >50  3.12  >50  >50  >50  > 100  >50  >50  >50  >50  >50  >50  >100  > 100  >50  >50  50  >50  >25  >50  >50  >50  >50  >50  >50 MRSA:Methicillin-resistant S. aureus. and molecular formulae the amythiamicins were clearly different from other knownantibiotics.
Antimicrobial Activity and Acute Toxicity The antimicrobial activities of amythiamicins are shown in Table 5 . Amythiamicins A, B, C and D inhibit the growth of Gram-positive bacteria including multi-drug resistant strains such as Staphylococcus aureus MS9610and Methicillin-resistant S. aureus, but are not active against most Gram-negative bacteria and fungi. Amythiamicins A, B, C and D showed no signs of toxicity when administered once to mice intraperitoneally at the dose of lOO mg/kg. Details of the biological properties of amythiamicins, including its in vitro and in vivo antibacterial activity, will be described elsewhere.
